| INTRODUC TI ON
A variety of removable implant-assisted prostheses exist to restore the functionality of completely edentulous individuals (Emami, Michaud, Sallaleh, & Feine, 2014) . The treatment of fully edentulous mandible using implant overdenture anchored to two unsplinted implants has been shown to be considerably cost-effective, with predictable long-term outcomes (Feine et al., 2002; Heydecke et al., 2005; Srivastava, Feine, & Esfandiari, 2014; Stoker, Wismeijer, & Waas, 2007) . Stud attachments have been widely used as implant suprastructure for this type of prosthesis, mostly because of their affordability for the patient and the simplicity of the treatment for the clinician (Alsabeeha, Payne, & Swain, 2009; Prasad, Prasad, & Buch, 2014; Preiskel, Arvidson, Geering, & Stern, 1996; Zou et al., 2013) . Since the success and survival rate of mandibular implant overdentures are not associated with the type of overdenture attachment system (Geckili, Bilhan, & Mumcu, 2011; Gotfredsen & Holm, 2000; Kim, Lee, Shin, & Bryant, 2012; Ma, Tawse-Smith, Thomson, & Payne, 2010) , patient satisfaction with implant overdentures will mainly depend on how well the prosthesis restores their oral function and the complications that they may have with the prosthesis over time. The results of a randomized clinical trial with 8-year follow-up showed that patients wearing mandibular implant overdenture with stud attachments were less satisfied with the retention and stability of their overdenture than those having splinted implants via a bar as superstructure (Timmerman et al., 2004) . Furthermore, it has been reported that individuals wearing a two-implant overdenture with resilient stud attachments perceived a rotational movement of the denture base around the attachments, which can reduce their ability to chew hard food as well as their satisfaction with the overdenture (Emami, Souza, Bernier, Rompré, & Feine, 2015; Liu et al., 2013) .
The addition of a midline abutment to a mandibular two-implant overdenture has been used as a strategy to decrease the rotational movement of these prostheses without increasing the strain on the denture-bearing mucosa, abutment, or implant (Emami et al., 2015; Liu et al., 2013) .
The three-dimensional finite element analysis conducted by Liu et al. (2013) demonstrated that vertical loading of the mandibular two-implant overdenture with Locator™ attachments causes more rotational movement and higher stress in the abutments than the three-implant overdenture. Furthermore, no damaging strain concentration was observed in the peri-implant bone of the midline implants.
Since more than two decades ago, mandibular three-implant overdentures have been used in the rehabilitation of edentulous mandible (Bergendal & Engquist, 1998; Bhat, Chowdhary, & Mahoorkar, 2016; Emami et al., 2015; Zarb et al., 2004; Zarb & Schmitt, 1990) . Although historically a splinted prosthodontics design was used for these types of overdentures (Bergendal & Engquist, 1998; Ebadian, Mosharraf, & Khodaeian, 2016; Zarb & Schmitt, 1990 ), a favorable clinical outcomes such as high implant survival and success rates have been documented for three-implant overdentures with freestanding attachments (Deporter, Watson, Pharoah, Todescan, & Tomlinson, 2002; Geckili et al., 2011) . The results of a long-term prospective study of 95 edentulous patients demonstrated that mandibular three-implant overdentures have a survival rate similar to four-implant overdentures (Balaguer, Ata-Ali, Peñarrocha-Oltra, García, & Peñarrocha-Diago, 2015) . Moreover, the results of a quasi-experimental study published by Emami et al. (2015) in 2014 showed that from a total of 135 patients wearing mandibular three-implant overdentures, only 18.5% of patients reported having rocking movement and more than 75.6% of the total were completely satisfied with this type of prosthesis. In this study, rotational movement explained 15% of the change in the oral health-related quality of life.
However, there is still a scarcity of patient-centered data in regard to three-implant overdenture, especially those with unsplinted attachments (Emami et al., 2015; Geckili et al., 2011; Liu et al., 2013) .
Thus, the overall goal of this study was to provide such data, and its specific objective was to examine the impact of adding a third midline implant to a mandibular two-implant overdenture using Locator™ attachments, on patient-oriented outcomes. The primary objective of the study was to assess the impact of the conversion of the mandibular two-to three-implant overdenture on patient general satisfaction. We hypothesized that there would be no difference in patient general satisfaction after the conversion. Secondary study objectives were to examine patients' expectations and patients' willingness to pay for the differential cost of the mandibular three-implant overdenture.
| MATERIAL AND ME THODS

| Trial design
This study used within-subject, pre-post, clinical trial design. Study was conducted in two phases. The details and results of Phase I of the trial have been previously published Menassa et al., 2016) . Briefly, during Phase I, 21 edentulous elders received new maxillary and mandibular complete dentures and three threaded implants (OsseoSpeed™, DENTSPLY Implants, Ø = 4 mm and L = 11-17 mm) F I G U R E 1 Intra-oral view of three mandibular implants, two with Locator™ abutments and the midline implant with a healing abutment (Phase I) were placed via one-stage approach in the interforaminal mandibular area. A healing abutment was inserted on the midline implant and was not loaded during Phase I of trial (Figure 1 ). All the study participants received their two-implant mandibular overdenture (Figure 2 ), via conventional (n = 2) or immediate loading (n = 19) protocol following prosthodontics standard guidelines.
All study participants were informed about the loading of the midline implant in the Phase II of the trial at the 2-year follow-up and consented to continue participation in the study if they met the eligibility criteria.
The eligibility criteria for Phase II of the trial included the following:
(a) Willingness to participate in Phase II; (b) success of the three implants at the 2-year follow-up as defined by Zarb and Albrektsson's criteria (Zarb & Albrektsson, 1998) ; (c) having the physical and psychological capacity to complete the study questionnaires.
As shown in the study flowchart (Figure 3) , from a total of 21 individuals who received three implants during Phase I of the trial, only 17 (mean age =61.9 ± 6.6 years) met the Phase II eligibility criteria. 
| Study intervention
The study intervention consisted of the conversion of the mandibular two-implant to a three-implant overdenture. 
| Outcome measures and data collection
Data collection was conducted before the intervention (T 0 ) and at 6 weeks postintervention (T 1 ). The primary study outcome was patient satisfaction with the mandibular implant overdenture, which was measured using the adapted McGill denture satisfaction questionnaire (Awad & Feine, 1998; de Grandmont et al., 1994; Menassa et al., 2016) . The secondary outcomes of interests were patients' expectations of the conversion of their two-implant overdenture to three-implant and patients' willingness to pay the cost of the conversion. Patients' expectations in regard to satisfaction with overdenture, as well as its stability, retention, and chewing ability, were measured using a 100-mm visual analog scale (VAS; Menassa et al., 2016) and binary scales, respectively.
The patients' willingness to pay an additional cost of minimum $2,000 for the conversion of implant mandibular overdenture, the maximum amount of money that they were willing to pay for the 
| Sample size
Based on a Wilcoxon signed-rank test, assuming that (a) the minimal clinically important pre-post difference in the mean global satisfaction score is 25 units (Al-Sunduqchi, 1999; Awad, Locker, KornerBitensky, & Feine, 2000; Awad et al., 2003; Machin, Campbell, Fayers, & Pinol, 1997; Michaud, Grandmont, Feine, & Emami, 2012; Zar, 1984) and (b) the standard deviation of the distribution of the global satisfaction score is 34 units (Michaud et al., 2012) , a sample size of 17 participants will insure a power of 80% for rejecting the null hypothesis, if it is indeed false, at an alpha level of 5% (PASS version 12; Hintze, 2013).
| Statistical analyses
Descriptive statistics were performed to examine the measures of central tendency and variability in the study sample. The ShapiroWilk test was used to assess normality of distribution for numeric variables. The exact sign test was used to compare patients' satisfactions before and after 6 weeks of conversion of the implant overdenture. The probability of superiority for dependent groups (PS dep ) was used to measure the effect size (Grissom & Kim, 2012) .
The estimate of PS dep in the present study is the proportion of all within-participant comparisons in which a participant's score with three implants is greater than that participant's score with two implants. Ties were either discarded in both the numerator and the denominator, or one-half of the ties were added to the numerator (Grissom & Kim, 2012) . The 95% confidence interval was calculated with the AgrestiCoull method (Wilcox, 2017 
| RE SULTS
The socio-demographic characteristics are presented in Table 1 .
Before the intervention, the majority of the study participants (88.2%) had high satisfaction expectation of the conversion of their two-implant-assisted mandibular prosthesis to three-implant overdenture, and all of them expected that the three-implant overdentures would positively influence the stability and retention of their overdenture as well as their ability to chew with it. The overdenture conversion had met the satisfaction expectations of 70.7% of the participants and 88.2% were highly satisfied with this treatment.
The majority of study participants agreed that the addition of the third implant had positively influenced their chewing ability (88%), their comfort (82.4%), and the retention (100%) and stability (94%) of their mandibular prosthesis. Table 2 presents participants' satisfaction score change, mean change, and the range of scores at the 6-week follow-up.
As presented in Table 3 , the exact sign test showed a statistically significant improvement in denture stability (p = 0.002) and ability to speak (p = 0.008) after the intervention. The addition of the third midline Locator™ to the two-implant overdenture did not affect its ease in removal and insertion (p > 0.5). 
| D ISCUSS I ON
This clinical trial investigated the impact of the conversion of twoimplant overdenture to three-implant overdenture on patient-oriented outcomes. The study findings showed that this treatment met the expectations of the majority of patients and increased their satisfaction with stability of the implant overdenture. However, the findings showed that patient decision-making to pay for threeimplant overdenture would depend on the cost of the treatment and not on their satisfaction or preference for this treatment.
To our knowledge, this is the first clinical trial investigating patients' expectations and satisfaction in regard to the conversion of a two-to three-implant mandibular overdenture with unsplinted supra-structure (Jackson, Chamberlin, & Kroenke, 2001; . These two outcomes are important and relevant for any clinical discipline, since an understanding of the nature of patients' expectations and satisfaction enables clinicians to address patients' perspectives and needs (Jackson et al., 2001; Menassa et al., 2016; Srivastava et al., 2014) . Moreover, patient satisfaction is an indicator of the quality of care (Newsome & Wright, 1999) . (Freedman, 2011; Paget et al., 2011) .
In this trial, the majority of patients had high expectations of the conversion of their overdenture to a three-implant overdenture in terms of increased stability, retention, and their ability to chew. These expectations were reflected in patients' satisfaction domains since among various dimensions of patient satisfaction, stability, and the ability to chew reached a statistical significance level. These results can be explained by a decrease in the rotational movement of the overdenture due to tripod support that can act as an indirect retainer (Ben-Ur, Gorfil, & Shifman, 1996; Liu et al., 2013; Stevens, Fredrickson, & Gres, 1994 ). This explanation is in line with the results of a recent in vitro study by Oda, Kanazawa, Takeshita, and Minakuchi (2016) suggesting that the two-implant overdenture mainly dislodges in a vertical direction upon anterior loading and that adding a midline implant inhibits the hinge movement and decreases the posterior upward movement of the denture base. Findings of a study by Kimoto, Pan, Drolet, and Feine (2009) However, in the present study, although the decrease in anteroposterior movement of the overdenture after the conversion was statistically significant in expert-based assessment, it was nonsignificant from patients' perspectives. Furthermore, the postintervention assessment of rocking movement was not correlated with patient TA B L E 1 Participants' socio-demographic characteristics (n = 17) TA B L E 2 Patients' satisfaction score change (T 
No change 12
TA B L E 3 The comparison of patients' satisfaction before and after intervention using the exact sign test and the effect size probability of superiority PSdep (n = 17) satisfaction postscores. In fact, in this trial, only 35% of patients reported a rocking movement with their mandibular two-implant overdenture. This percentage is quite similar to those reported in the study conducted by Kimoto et al. (2009) and confirms previous findings that patient's self-assessment and expert-based assessment are poorly correlated (Awad & Feine, 1998; Berg, 1993; Carlsson, Otterland, & Wennstro¨m, A., 1967; Heydecke, Klemetti, Awad, Lund, & Feine, 2003; Pietrokovski, Harfin, Mostavoy, & Levy, 1995; Slagter, Olthoff, Bosnian, & Steen, 1992; van Waas, 1990) . Since self-assessment can be less sensitive to change and can be biased by patients'
expectations of improvement, the use of both objective and subjective measures can be helpful to better analyze and explain the data.
In the study conducted by Al-Magaleh, Swelem, and Radi (2017) Based on this, the authors suggested that increasing the number of implants from two to four has no influence on the stability of the implants in mandibular overdentures. However, in this study, the stability and rotation of the overdentures were not assessed.
Our findings are in line with previous retrospective clinical studies in regard to high satisfaction rate among patients wearing a threeimplant overdenture with ball or bar attachments (Emami et al., 2015; Geckili et al., 2011) . Additionally, our study showed that the conversion of two-implant-assisted to three-implant overdenture might increase the satisfaction with speech and chewing hard foods, which may be related to the enhanced stability of the overdenture.
Importantly, this conversion did not influence the ease of cleaning, removal, and insertion of the prosthesis, which are essential factors for patients, specifically elders with physical disabilities and reduced dexterity. These are essential parameters seldom discussed in the literature yet very relevant clinically, especially with our aging population.
Despite these advantages, not all of the study participants were willing to pay the cost of this treatment. Willingness to pay, or WTP, has been defined by Hanley, Ryan, and Wright (2003) as the maximum price that a patient would be willing to pay for a health service.
WTP is a valuable outcome in clinical practice, complementing other patient-reported outcomes by adding the value that patients would agree to pay to gain a benefit from a treatment. Several factors such as patient's age, sex, income, and monthly installments have been reported to influence WTP for implant treatment (Al Garni et al., 2012; Esfandiari et al., 2009; Leung & McGrath, 2010; Tan, Vernazza, & Nair, 2017) . However, our study found only a sex difference for WTP. This could be explained by the theory of planned behavior and women having higher health consciousness than men (López-Mosquera, 2016) . On the other hand, we can assume from patient experiences of the overdenture conversion in our study that the choice and preference for the three-implant overdenture is conditional on similar cost to that of the two-implant overdenture. Feine et al. (1994) , in a study on choice of mandibular implant overdenture, reported that both cognitive and affective factors influence the choice of prosthesis in edentulous patients. Our results favor cognitive (reasoning) aspects and acknowledge the cost-effectiveness of the two-implant mandibular overdenture, supporting the McGill and York consensus statements (Feine et al., 2002; Thomason et al., 2009 ). However, these results cannot be generalized to other populations such as those individuals having a dentate maxilla that would result in a different pattern of occlusal force, which may induce more anterior vertical load to the mandibular prosthesis.
The non-statistically significant differences in patients' general satisfaction and comfort as well as the lack of association between WTP and other socio-economic characteristics might be attributable to the fact that the study participants were very satisfied with their two-implant overdenture, which was provided by an experienced prosthodontist.
On the other hand, the variation in WTP values is not always explainable (Birch, Sohn, Ismail, Lepkowski, & Belli, 2004; Matthews, Birch, Gafni, & DiCenso, 1999; Neumann & Johannesson, 1994) . with single-group quasi-experimental pre-post design should be acknowledged, including the lack of control group and potential for selection and response shift bias and potential confounders (Marsden & Torgerson, 2012) . Moreover, the small study sample size adds to the study's limitations in terms of study power.
In addition to that a short-term follow-up period did not allow evaluation of long-term patient satisfaction with this treatment, which may be influenced by factors such as hygiene, peri-implantitis, retention loss, and complications with Locator™ attachments. El-Sheikh, Shihabuddin, and Ghoraba (2012) compared clinical outcomes and maintenance of two-versus three-narrow-implant mandibular overdenture with Locator™ attachments in 20 edentulous patients aged 54-68 years old. Their 2-year follow-up showed no between-group differences in peri-implant tissues, bone loss, and prosthetic complications.
Using a within-subject pre-post design with short-term outcomes has some advantages in terms of controlling the source of memory bias, patients' variation, and the study budget. It should be noted that Phase II clinical trials, while being a good source for evidence-based practice among other benefits (Mandrekar & Sargent, 2010) , are necessary to guide the conduct of Phase III clinical trials involving many patients in a large randomized trial.
| CON CLUS ION
Within the limitation of this study, we conclude that the conversion of a two-implant mandibular overdenture to a three-implant overdenture could improve patients' satisfaction in regard to the stability of the prosthesis. However, the preference for three-implant and WTP for this modality of treatment depend on the additional cost. Randomized clinical trials are needed to confirm these results.
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